Medicine consists broadly speaking of three types of disciplines: the laboratory-based preclinical and paraclinical sciences (physiology, biochemistry, pathology, hematology); the clinical subjects; and the subjects embraced by the term social medicine or, to keep in step with terminological developments, 'community medicine', the group of subjects concerned with the diseases and the health needs of populations. Now to me one of the great attractions of occupational medicine has always been that it cuts across this tripartite structure. Like the Manx coat of arms it has a foot in all three camps. One foot is placed firmly in the laboratory sciences: this is necessary for the investigation and control of physical and toxicological hazards in the working environment. One is in clinical medicine: the practising occupational health physician needs to have a specialist knowledge of the diseases of occupations, the occupational implications of the general run of disease and disability, and the clinical skill to deal with all the minor and major medical and surgical emergencies that present at place of work. The third foot is in community medicine, for, above all, the job of the occupational health physician is to define the health problems (physical, psychological and social) of the working population he is responsible for and to organize, administer and deliver preventive and first-contact services to meet these problems.
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Unhappily, although those who work in occupational medicine find it a satisfying and challenging specialty, there is uncertainty, even confusion, about its postgraduate training needs.
The first reason for this is that occupational health services have developed outside the mainstream of the country's health services. They were given no recognition in Lloyd George's National Health Insurance Act of 1911 or in the National Health Service Act of 1946. This separateness has been accentuated by placing the new Employment Medical Advisory Service in the Department of Employment rather than in the Department of Health and. Social Security. As the result, occupational health still remains the responsibility of a confusion of private, public and statutory services, ill-distributed and little related to needs. Large, wealthy and enlightened industries provide comprehensive services; small firms, where the worst and most hazardous working conditions are often to be found, provide little or nothing. The general pattern of postgraduate training in the clinical disciplines is related to the needs of the National Health Service. Because occupational medicine lies outside the National Health Service its aims are misunderstood, and what is worse, its claims are ignored. I speak out of my experience as a member of the University Hospital of Wales (Cardiff) Hospital Management Committee. The Committee is responsible for administering 27 hospitals, with 10 000 employees and an annual budget of £18m. For four years I have attempted to propel the reluctant authorities into implementing the recommendations of the Tunbridge Committee on The Care of the Health of Hospital Staff, now five years old. But this labour-intensive industry with its many health hazards still has nothing that we would recognize as an occupational health service for its employees.
The second reason for our difficulties is that there is no clear doorway into the specialty, no agreement about what diploma should be recognised as the mark of a general professional training in the subject. It is true that many full-time industrial medical officers have a DIH, some an MSc and a few the MRCP. But there is no central body to set standards and no general agreement about how those standards should be monitored. I view with concern the suggestion made by our Specialist Advisory Committee to the Joint Committee on Higher Medical Training that MRCP is the most appropriate general professional examination, for it ignores altogether the epidemiological, management and laboratory sides of our subject. On another hand, I have to agree that membership of the Faculty of Community Medicine (MFCM) would also be inappropriate as it would take no account of the clinical side of the subject. The solution of these two difficulties seems to me to demand two changes. Occupational medicine must have an academic and professional home, a Faculty or College of its own, to accept responsibility for standards of general professional training, examination of professional competence, approval of training posts and accreditation of specialists. And the medical side of the diverse and uncoordinated occupational health services must become part of the National Health Service.
Epidemiology as a Research Discipline
Nowadays we live in a world of Humpty Dumpty semantics, we use words to mean just what we choose them to mean. When I use the word epidemiology I mean the study of health and disease in populations. In this sense it is complementary to clinical medicine, which is concerned with health and disease in individuals. Epidemiology as a research discipline has two main objectives, to identify controllable factors in the etiology of disease and to provide information necessary for the development of effective health services. Both are clearly relevant to the practice of occupational medicine. I have some general observations to make about each of these aims.
Etiology ofDisease I will begin by reminding you of Bacon's concept of how science advances. First, observations of a specific effect are accumulated. Next, by reasoning from these examples of specific effect a general hypothesis about their cause is formulated. Then experiments are performed (Bacon described it as 'putting nature to the test') to find out whether in fact the supposed cause can be made to produce the observed effect. If the experiments work, the hypothesis has been verified and another scientific law has been discovered. This is how scientists were at one time supposed to advance their subjects. And this is how at one time I thought epidemiologists worked: they mapped out the distribution of a disease in a population in relation to the personal characteristics of those who had it and to the places and times of its occurrence; they formulated an hypothesis to 'explain' the observed distribution; they returned to the population to look for support for the hypothesis in further observations; and finally they put the hypothesis to the test in a population intervention study, a controlled trial. Observation, hypothesis, experimental verification; tidy but untrue.
In the first place observation, as Oscar Wilde said of truth, is rarely pure and never simple. We cannot just observe, inevitably we look for something. And man has a remarkable talent for seeing only what he is looking for, for believing in something because he wishes it to be so. Too often research workers adopt the role of advocates rather than judges. They ignore or are blind to faults that are out of step with what they believe. Negative findings are not good news, but it is out of negative findings, ugly facts that do not fit in with a beautiful hypothesis, that scientific advances are made.
Second, as Karl Popper has stressed, there is a logical asymmetry between verification and falsification. It is impossible to prove that an hypothesis is true, one can only accumulate evidence, in an infinite series, to support it. On the other hand, one observation can refute it. No number, however large, of observations of white sheep will prove the hypothesis that all sheep are white, but if one black sheep is observed another hypothesis is needed. Two pieces of advice to young epidemiologists: the first is find out what your clinical and laboratory colleagues believe, and then look for refutations of these beliefs; the second is that when you are exploring an hypothesis, pounce on the observations that do not fit in with itthey may be the key to a more fruitful hypothesis.
It follows from this that a 'good' scientific hypothesis is one that can be disproved. An hypothesis that can be adjusted, like an expanding suitcase, to accommodate an increasing variety of observed facts is scientifically worthless. Take for example the statement that 'part of the unrest in the coalfields is due to the unconscious conflicts aroused in the miner by having to use his pickaxe (a phallic symbol) on the earth (a mother symbol)'. That is not a scientific hypothesis, it is an amusing verbal conceit.
Planning and Delivery ofHealth Services For the first twenty-five years of the National Health Service planning strategy has largely been determined by inspiration and planning tactics have been a matter of crisis intervention. This will no longer do. Because of the public's insistent demand for more and better services and the medical profession's insatiable appetite for more elaborate and more expensive diagnostic and therapeutic facilities, we have been driven by rising costs to accept a new management structure for the service. The new structure provides, at least on paper, machinery for making more rational decisions about priorities in the tumult of conflicting demands and for monitoring the results of those decisions. Its success or failure will rest on the quality of the information made available to our new masters. Area Health Authorities and Area and District Management Teams will be dependent on good epidemiological information for their decisions about the planning and development of their services, decisions about the number and size of hospitals and health centres to build and where to build them and about the number and types of health personnel to train and where to employ them. They will need epidemiological information about which sub-groups of the population have the highest prevalence of disease and disability so that limited resources can be deployed in a way that will bring them to those most in need. They will need information from controlled trials about the effectiveness of old and new preventive and therapeutic services to help them make decisions about priorities.
Again, these health information and management aspects of epidemiology are clearly relevant to the practice of occupational medicine and the development of occupational health services.
Types ofEpidemiological Studies
It is helpful to distinguish between four types of epidemiological investigations: cross-sectional studies; case-control studies, cohort studies; and intervention studies. I have a few words to say about each of these and about their relevance to occupational medicine.
Cross-sectional studies: The distinguishing characteristic of cross-sectional studies is that a census of the prevalence of a disease or disability and of the factors suspected of being related to it are both taken at the same point in time. From William Farr onwards the Registrar General's reports on occupational mortality have provided revealing examples of this type of study. Every occupational health physician is in the enviable position of having a population laboratory at his disposal in which he can investigate the prevalence of disease, disability, accidents and sickness absence in relation to the personal characteristics of the workers he is responsible for and the environmental hazards to which they are exposed. However, the results of cross-sectional studies of industrial populations have to be interpreted with caution because of the bias introduced by selection into and out of different occupations.
Case-control studies: A case-control study is one in which a sample of people suffering from a condition (the cases) and a sample of people not suffering from it (the controls) are compared in respect of their history of exposure to suspected etiological factors. This is the commonest type of study. It has great value as a quick, easy and inexpensive method of testing whether an etiological hypothesis is worth pursuing and the epidemiological literature is rich with examples from the occupational health field. The weakness of case-control studies is that they can be criticised on three counts, all difficult to refute: the first is that the cases in the study, particularly if they are hospital patients, may not be representative of all cases of the disease; the second that the controls may not be representative of the population from which the cases are drawn; and the third that the patients are more likely to recall past experiences that they believe to be relevant to their illness than healthy controls. For example, in the study of congenital malformations memories are so biased that case-control studies are hardly worth embarking upon. Women who have recently given birth to a malformed infant are tormented by the question: 'Why has this happened to me?' This heightens their memories and they recall everything that happened to them in the early months of their pregnancies, from colds in the head to black cats crossing the road. For obvious reasons, the memories of women who have given birth to normal infants are much shorter.
Cohort studies: In a cohort study the starting point is not the disease (as in a case-control study) but the suspected etiological factor: a sample of people exposed to different degrees of an environmental hazard is identified and the rate at which they develop the disease is compared through the years in respect of the degree of their exposure. Cohort studies are difficult to administer and costly to carry out as they involve keeping a large number of people under surveillance for many years, with all the problems this involves in our mobile industrialized society. The results, however, are much easier to interpret and can provide evidence of that most convincing of all indicators of a causal relationshipa dose response. Occupational health physicians are particularly well placed for this type of investigation, but an essential prerequisite is the keeping of accurate records of the jobs men do, of their changes of employment and changes of address, and of dates of retirement and death. When reasonably good records have been kept for many years cohort studies of suspected environmental hazards can be carried out retrospectively from them. There are many excellent examples of this in the literature. When past records are poor, as they too often are, or when a potentially hazardous substance has only recently been introduced into industry, the investigation must of necessity be prospective.
Intervention studies: In an intervention study the suspected health hazard is deliberately removed from one sample of a population, and allowed to persist in another but otherwise comparable sample (or, in the case of a health service, made available to one and not to another sample of the population) and the effect is measured in terms of mortality, morbidity, relief of suffering, absence from work etc. Of all four types of investigations, intervention studies (population experiments) provide the most convincing evidence of causal relationships in disease etiology and the most reliable estimate of the effectiveness of health services. Unfortunately, ethical and practical considerations limit the opportunities for such investigations. For example it would be unethical to carry out a randomized trial of surgery compared with no surgery for early breast cancer. And it is not practicable to randomize the taking of moderately severe exercise to determine the precise part played by physical exercise in the etiology of ischemic heart disease. Nevertheless, there are many good examples of intervention studies in the fields of both prevention and treatment.
In occupational medicine we have wellestablished routines for controlling suspected hazards by substituting harmful materials for safer ones, by enclosing dangerous processes, by segregating toxic materials from the workers and, as a last resort, by providing personal safety appliances, so that randomized intervention studies of toxic hazards are rarely permissible. Our ethic is that a hazard suspected is a hazard to be controlled.
The question of controlled trials of occupational health services is another matter. In the National Health Service, as the straitjacket of limited resources interferes more and more with our freedom of movement we are beginning to question many accepted beliefs about the efficacy of preventive, therapeutic and supportive services. Urged on by that scourge of the orthodox, Professor A L Cochrane, we are putting them to the test of randomized controlled trials: duration of bed-rest and length of stay in hospital after an acute coronary episode; in-patient versus outpatient treatment of varicose veins and inguinal hernia; tonsillectomy in childhood and the like. There are many beliefs in the occupational health field that need to be tested. However, I must protect myself by quoting Bertrand Russell before I give examples: 'Opinions that are held with passion are always those for which no good ground exists; indeed the passion is the measure of the holder's lack of rational conviction.' Here are the examples, there are many more: Does putting a nurse into industry make any difference to anything measurable (short-term or certified sickness absence, wound sepsis rates, shop-floor morale), and at what cost? If there is a difference is it greater for a state registered nurse with an industrial nursing certificate than for a state registered nurse without special training or, for that matter, a state-enrolled nurse? Do preemployment or preplacement examinations (in current cant, fitting the man to the job and the job to the man) in fact make any difference to job stability and job performance ? Does physiotherapy at work, indeed in a hospital physiotherapy department, make any difference to time lost from work, and again at what cost? And so on.
Conclusions
Clinical medicine, laboratory medicine and community medicine are inseparable partners in the specialty of occupational medicine. It is true that most advances in the subject have had as their starting point a clinical or laboratory hunch. But hunches, if they are not followed up and quantified by epidemiological methods, are of anecdotal interest only. The good occupational health physician trains himself to notice facts that do not fit in with his beliefs or expectations. Those are the facts to investigate.
Epidemiology is a research discipline that has to be learned. But this is by no means a matter of learning sophisticated statistical techniques. You should not be frightened by papers loaded with partial correlations and bristling with tests of significance. The appropriate reaction to such papers is not fright but suspicion. The elaborate facade of algebra has often been erected to hide poor data and a badly designed study. Most things worth reporting can be demonstrated by means of well-laid-out contingency tables supported, for the visual types like myself, by histograms and scatter diagrams. I will end where I began. For occupational medicine to be generally accepted by the medical profession as a specialty in its own right, and an important one at that, it must have a solid academic foundation. This means first that it must strengthen its still precarious foothold in our medical schools, second that it must establish a Faculty or College of its own. The foundation on which the specialty will rest is not clinical medicine, it is not laboratory medicine and it is not social medicine. It is and must be seen to be a unique and rewarding combination of all three.
